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(57) ABSTRACT

The present technology relates to an 1maging element, a

driving method, and an electronic apparatus that can
decrease a voltage and increase a saturation signal amount.

In each pixel configuring a pixel array unit, a photodiode
receiving light from a subject and performing photoelectric
conversion on the light and a first charge accumulating unit
accumulating charges generated by the photodiode are pro-
vided. A reset gate unit to mitialize the first charge accu-
mulating unit 1s connected to the first charge accumulating
unit through a third transfer gate unit. When the first charge
accumulating unit 1s initialized, a voltage 1s applied to gate
clectrodes of the third transfer gate unit and the reset gate
umt and a positive voltage 1s applied to a well region
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FIG. 13
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FIG. 14
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IMAGING ELEMENT, DRIVING METHOD,
AND ELECTRONIC APPARATUS

TECHNICAL FIELD

The present technology relates to an 1maging element, a
driving method, and an electronic apparatus and particularly,
to an 1maging element, a driving method, and an electronic
apparatus that enable a global shutter to be realized.

BACKGROUND ART

As 1maging elements mounted to a digital video camera,
complementary metal oxide semiconductor (CMOS) image
sensors (hereinafter, simply referred to as the CISs) have
been known. Among the CISs, there 1s a CIS that has a
function called a global shutter 1n which simultaneity of an
exposure time of an 1mage to be imaged has been secured.

In addition, with the miniaturization of a semiconductor

process, a voltage applied to a gate of an element such as a
metal oxide semiconductor field effect transistor (MOSFET)
has decreased.

For example, a relatively high voltage 1s applied to a gate
provided 1n a pixel of the CMOS 1mage sensor and 1nitial-
ization of each element in the pixel or signal transmission
from a photoelectric converting unit to a charge/voltage
converting unit in the pixel 1s performed. However, 1t 1s
diflicult to secure the voltage applied to the gate 1n the pixel,
from the reason described above.

Therefore, a solid-state 1maging element that applies a
negative voltage to a well when signal transmission 1s
performed to increase a potential level of a photoelectric
converting unit and a potential level of a gate unit has been
suggested (for example, refer to Patent Document 1).

That 1s, 1n such a solid-state 1maging element, a photo-
diode PD21 and a floating diffusion FD22 are provided 1n a
P well region W11 formed 1n a silicon substrate, as 1llus-
trated i FIG. 1.

In this example, the photodiode PD21 includes a P™ layer
(charge 1solation region) and an n layer (charge accumula-
tion region) to accumulate charges. If a voltage 1s applied to
a transier gate unit G123, the charges accumulated 1n the
photodiode PD21 are transferred to the floating diffusion
FID22 and are read as signal charges.

In addition, 1f a voltage 1s applied to a gate of a reset
transistor R1T24 according to necessity, the charges accumu-
lated 1n the floating diflusion FD22 are discharged to the
outside and a pixel 1s mnitialized.

In the solid-state 1maging element 1illustrated in FIG. 1,
when the charges are transierred from the photodiode PD21
to the floating diffusion FDD22, the voltage 1s applied to the
gate of the transfer gate unit G'123. However, if the voltage
1s 1nsuflicient, the transfer remainder of the charges 1is
generated as shown by a polygonal line PO11 of the lett side
in the drawing.

The polygonal line PO11 shows a potential of each unit of
the solid-state 1imaging element, that 1s, a potential at each
position ol the photodiode PD21, the transier gate unit
(G123, the floating diflusion FD22, and the reset transistor
RT24. In FIG. 1, a downward direction 1s a positive direction
ol a potential.

In this case, a potential of a portion shown by an arrow
All, that 1s, a region right below the transier gate unit G123
becomes higher than a potential of a portion of the photo-
diode PD21. For this reason, a part of the charges of the
photodiode PD21 may not be transierred to the floating
diffusion FD22 and may remain in the photodiode PD21.
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Therefore, 1n the solid-state imaging element, a negative
voltage (negative bias) 1s applied to the P well region W11,
so that the potential of the portion of the photodiode PD21
becomes higher than the potential of the region right below
the transfer gate umt G123, as shown by a polygonal line
PO12 of the right side 1n the drawing.

That 1s, 1n a portion shown by an arrow Al2 of the
polygonal line PO12, 1 the negative voltage 1s applied to the
P well region W11, the potential of the portion of the
photodiode PD21 and the potential of the portion right
below the transfer gate unit G123 increase.

However, the potential of the portion of the photodiode
PD21 becomes higher than the potential of the portion right
below the transfer gate umt G123 due to a sensitivity
difference of these portions for the negative voltage and
assistance to reading of the signal charges 1s performed.
Thereby, a large amount of charges are transierred to the
floating diffusion FD22.

As such, the negative bias 1s applied to the well region of
the solid-state 1maging element. For this reason, even when
the suflicient voltage cannot be applied to the transfer gate
unit 1n the pixel by making the voltage low, the assistance to
the reading of the signal charges 1s performed and a dynamic
range of a pixel signal can be expanded.

CITATION LIST

Patent Document

Patent Document 1: Japanese Patent Application Laid-Open
No. 2004-129015

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

However, 1in a pixel having a so-called lateral over flow
integration capacitor (LOFIC) structure in which another
charge accumulating element such as a capacitor 1s mounted
to the pixel, in the case 1 which the charge accumulating
clement 1s 1mtialized, 11 a voltage applied to each element 1s
insuilicient, unnecessary charges may not be appropnately
discharged or charges may not be injected. In this case, 1t
may become diflicult to secure a suilicient saturation signal
amount. That 1s, the dynamic range of the pixel signal
obtained by 1maging may be narrowed.

The present technology has been made in view of the
above-described circumstances and can decrease a voltage
and increase a saturation signal amount.

Solutions to Problems

An 1maging element to be a first aspect of the present
technology 1s an 1maging element including a pixel unit that
includes multiple pixels arranged 1n a matrix and a driving
unit that drives the pixel unit. The pixel has a converting unit
that converts a physical amount into charges 1n a conversion
period, a charge holding unit that accumulates the charges
converted by the converting umt 1n the conversion period
and holds the charges transferred from the converting unit
alter the conversion period ends, and a reading unit that
reads the charges held in the charge holding unit 1n a read
period. When the multiple pixels of the pixel unit are divided
equally 1nto two groups of first and second groups and one
of the first group and the second group of the pixel unit 1s set
to the read period, the driving unit sets the other to the
conversion period.
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The driving unit may set the pixels belonging to each of
the first group and the second group to the conversion period
at the same time for every group.

The imaging element to be the first aspect of the present
technology may further include a generating unit that gen-
crates an 1mage signal on the basis of the read charges.

The generating unit may generate an 1mage signal ol an
odd-numbered frame on the basis of the charges read from
the first group and may generate an image signal of an
even-numbered frame on the basis of the charges read from
the second group.

The converting unit may convert incidence light corre-
sponding to the physical amount into charges.

A driving method to be the first aspect of the present
technology 1s a driving method of an i1maging element
including a pixel unit that includes multiple pixels arranged
in a matrix and a driving unit that drives the pixel unmit. The
pixel has a converting unit that converts a physical amount
into charges 1n a conversion period, a charge holding unit
that accumulates the charges converted by the converting
unit 1n the conversion period and holds the charges trans-
terred from the converting unit after the conversion period
ends, and a reading unit that reads the charges held in the
charge holding unit 1n a read period. The driving method
includes a step of, when the multiple pixels of the pixel unit
are divided equally mnto two groups of first and second
groups and one of the first group and the second group of the
pixel unit 1s set to the read period, setting the other to the
conversion period by the driving unait.

In the first aspect of the present technology, when the
multiple pixels of the pixel umt are divided equally 1nto the
two groups of the first and second groups and one of the first
group and the second group of the pixel unit 1s set to the read
period, the other 1s set to the conversion period.

An electronic apparatus to be a second aspect of the
present technology 1s an electronic apparatus having an
imaging function. An imaging element including a pixel unit
including multiple pixels arranged 1n a matrix and a driving
unit to drive the pixel unit 1s mounted on the electronic
apparatus. The pixel has a converting unit that converts a
physical amount mto charges in a conversion period, a
charge holding unit that accumulates the charges converted
by the converting unit 1n the conversion period and holds the
charges transierred from the converting unit after the con-
version period ends, and a reading unit that reads the charges
held 1n the charge holding unit 1n a read period. When the
multiple pixels of the pixel unit are divided equally 1nto two
groups of first and second groups and one of the first group
and the second group of the pixel unit 1s set to the read
period, the driving unit sets the other to the conversion
period.

In the second aspect of the present technology, the mul-
tiple pixels of the pixel unit of the mounted imaging element
are divided equally into the two groups of the first and
second groups and one of the first group and the second
group ol the pixel unit 1s set to the read period, the other 1s
set to the conversion period.

An mmaging element according to a third aspect of the
present technology includes a photoelectric converting unit
that performs photoelectric conversion on incident light, a
charge accumulating unit that accumulates charges obtained
by the photoelectric conversion, an mnitializing unit that 1s
connected to the charge accumulating unit through at least
one or more gates and initializes the charge accumulating
unit, and a voltage application control unit that applies a
positive voltage to a well region where the photoelectric
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4

converting unit, the charge accumulating unit, and the 1ni-
tializing unit are provided, when the charge accumulating
unit 1s mitialized.

The voltage application control unit may apply the posi-
tive voltage to the well region at the time of 1mitializing the
charge accumulating unit to read a reset level and at the time
of reading a signal level.

The charge accumulating unit may be a capacitor.
The capacitor may have any of a MIM structure, a PIM
structure, and a PIP structure.

The photoelectric converting unit, the charge accumulat-
ing unit, and the 1mtializing unit may be provided for each
of a plurality of pixels configuring a pixel array unit to image
an 1mage and the voltage application control unit may apply
the positive voltage to all pixels on the pixel array unit at the
same time.

The well regions of all pixels on the pixel array unit may
be formed to be electrically integrated.

The photoelectric converting unit, the charge accumulat-
ing unit, and the 1mtializing unit may be provided for each
of a plurality of pixels configuring a pixel array unit to image
an 1mage and the voltage application control unit may apply
the positive voltage for every pixel row including pixels
arranged 1n a horizontal direction on the pixel array unit.

The well regions of the pixels of the pixel row on the pixel
array unit may be formed to be electrically integrated and the
well region of each pixel row may be electrically i1solated.

The photoelectric converting unit, the charge accumulat-
ing unit, and the 1mtializing unit may be provided for each
of a plurality of pixels configuring a pixel array unit to image
an 1mage and the voltage application control unit may apply
the positive voltage for every pixel block including some
pixels on the pixel array unit.

The well regions of the pixels of the pixel block on the

pixel array unit may be formed to be electrically integrated
and the well region of each pixel block may be electrically
1solated.
The photoelectric converting unit, the charge accumulat-
ing unit, and the 1mtializing unit may be provided for each
of a plurality of pixels configuring a pixel array unit to image
an 1mage and the well region of each pixel on the pixel array
unit may be electrically 1solated.

The 1maging element may further include a charge/volt-
age converting unit that 1s provided between the mitializing
unit and the charge accumulating umit and converts charges
into a voltage signal and the charges accumulated in the
charge accumulating unit may be transierred to the charge/
voltage converting unit through one or more gates.

A dniving method according to the third aspect of the
present technology 1s a dniving method of an 1maging
clement including a photoelectric converting unit that per-
forms photoelectric conversion on incident light, a charge
accumulating unit that accumulates charges obtained by the
photoelectric conversion, and an 1mtializing unit that 1s
connected to the charge accumulating unit through at least
one or more gates and initializes the charge accumulating
umt. The driving method includes a step of applying a
positive voltage to a well region where the photoelectric
converting unit, the charge accumulating unit, and the 1ni-
tializing unit are provided, when the charge accumulating
unit 1s mitialized.

In the third aspect of the present technology, in the
imaging element including the photoelectric converting unit
that performs the photoelectric conversion on the incident
light, the charge accumulating unit that accumulates the
charges obtained by the photoelectric conversion, and the

initializing unit that 1s connected to the charge accumulating
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unit through at least one or more gates and initializes the
charge accumulating unit, the positive voltage 1s applied to
the well region where the photoelectric converting unit, the
charge accumulating unit, and the initializing unit are pro-
vided, when the charge accumulating unit 1s 1mtialized.

Eftects of the Invention

According to the first aspect of the present technology, a
global shutter where a handling charge amount 1s large can
be realized without providing a non-exposure period for an
entire screen.

According to the second aspect of the present technology,
a global shutter where a handling charge amount 1s large can
be realized without providing a non-exposure period for an
entire screen.

In addition, according to the second aspect of the present
technology, a moving image having a high frame rate or an
image 1n which a state of an instant of a subject moving fast
1s captured can be imaged and sensitivity increases at the
same frame rate.

According to the third aspect of the present technology, a
voltage can be decreased and a saturation signal amount can
be increased.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a diagram illustrating transfer assistance of
charges according to the related art.

FI1G. 2 1s a diagram 1llustrating a configuration example of
a solid-state imaging element to which the present technol-
ogy 1s applied.

FI1G. 3 1s a diagram 1llustrating a configuration example of
a pixel.

FIG. 4 1s a diagram 1illustrating driving timing when the
solid-state 1maging element according to the related art
executes a global shutter.

FIG. 5 1s a diagram 1illustrating a division method of two
groups ol a pixel array unit corresponding to a monochrome
1mage.

FIG. 6 1s a diagram 1illustrating a division method of two
groups of a pixel array unit corresponding to a color 1mage.

FIG. 7 1s a flowchart illustrating a pixel umt control
process.

FIG. 8 1s a diagram 1illustrating driving timings of a first
group and a second group of the pixel array unit.

FI1G. 9 15 a diagram illustrating driving timings of the first
group and the second group of the pixel array unit.

FIG. 10 1s a diagram 1illustrating a layout and a cross-
section of a pixel.

FIG. 11 1s a diagram 1llustrating a configuration example
of each pixel and a P-type well.

FIG. 12 1s a diagram illustrating another configuration
example of each pixel and the P-type well.

FIG. 13 1s a diagram 1illustrating reset of a first charge
accumulating unit.

FIG. 14 1s a diagram 1illustrating reset of the first charge
accumulating unit and application of a positive bias.

FIG. 15 1s a diagram 1illustrating an operation of a solid-
state 1maging element.

FIG. 16 1s a diagram illustrating another configuration
example of the pixel.

FIG. 17 1s a diagram 1illustrating an operation of the
solid-state 1imaging element.

FIG. 18 1s a diagram 1illustrating an operation of the
solid-state 1imaging element.
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FIG. 19 1s a diagram 1llustrating a potential of each region
of the pixel.
FIG. 20 1s a diagram 1llustrating a potential of each region

of the pixel.
FIG. 21 1s a diagram 1llustrating a potential of each region

of the pixel.
FIG. 22 1s a diagram 1illustrating a configuration example
ol an 1maging apparatus.

MODE FOR CARRYING OUT THE INVENTION

Hereinatter, best modes (hereinafter, referred to as
embodiments) to carry out the present technology will be
described in detail with reference to the drawings.

<First Embodiment>
|Configuration Example of Solid-State Imaging Element]

First, a configuration example of a solid-state 1maging
clement to which the present technology 1s applied will be
described. FIG. 2 1s a diagram 1llustrating a configuration
example of an embodiment of the solid-state 1imaging ele-
ment to which the present technology 1s applied.

A solid-state 1maging element 11 1s configured from a
CMOS 1mage sensor, for example, and receives light from
a subject, executes photoelectric conversion on the light, and
generates an 1mage signal, thereby 1maging an image.

The solid-state imaging element 11 1includes a pixel array
umt 21, a vertical driving unit 22, a column processing unit
23, a horizontal driving unit 24, a system control unit 25,
pixel driving lines 26, vertical signal lines 27, a signal
processing unit 28, and a data storage unit 29.

In the solid-state imaging element 11, the pixel array unit
21 1s formed on a semiconductor substrate (chip) not 1llus-
trated in the drawings and the vertical driving unit 22 to the
system control unit 25 are integrated on the semiconductor
substrate.

The pixel array unit 21 includes pixels each having a
photoelectric converting unit that generates charges accord-
ing to an amount of light incident from the subject and
accumulates the charges and the pixels configuring the pixel
array unit 21 are arranged two-dimensionally 1n a horizontal
direction (row direction) and a longitudinal direction (col-
umn direction) 1n the drawing.

For example, 1n the pixel array unit 21, the pixel driving
lines 26 are provided along the row direction, for every pixel
row 1ncluding pixels arranged 1n the row direction, and the
vertical signal lines 27 are provided along the column
direction, for every pixel column including pixels arranged
in the column direction.

The vertical driving unit 22 includes a shiit register or an
address decoder. The vertical driving unit 22 supplies a
signal to each pixel through the plurality of pixel driving
lines 26 and drives each pixel of the pixel array unit 21 at the
same time or 1n a unit of a row, with respect to all pixels.

The column processing umit 23 reads a signal from each
pixel through the vertical signal line 27 for each pixel
column of the pixel array unit 21, executes a noise removing
process, a correlated double sampling process, and an analog
to digital (A/D) conversion process, and generates a pixel
signal.

The hornizontal driving unit 24 1includes a shiit register or
an address decoder and sequentially selects unit circuits of
the column processing unit 23 corresponding to the pixel
columns. By selective scanning by the horizontal driving
unmt 24, pixel signals signal-processed for each umt circuit
in the column processing unit 23 are sequentially output to
the signal processing unit 28.
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The system control unit 25 includes a timing generator to
generate various timing signals and performs driving control
of the vertical driving unit 22, the column processing unit
23, and the horizontal driving unit 24, on the basis of the
timing signals generated by the timing generator.

The signal processing unit 28 executes a signal process
such as an operation process on the pixel signals supplied
from the column processing unit 23 while temporarily
storing data 1n the data storage unit 29, according to neces-
sity, and outputs an 1mage signal configured from each pixel
signal.

In the solid-state imaging element 11, for example, global
exposure 1s performed, that 1s, an exposure start and an
exposure end are performed at the same timing with respect
to all pixels of the pixel array unit 21. A global shutter
function of realizing the global exposure 1s preferably used
for imaging of a subject moving fast or sensing requiring
simultaneity of an imaging image.

[Configuration Example of Pixel]

Next, a configuration of each pixel of the pixel array unit
21 will be described. FIG. 3 1s a circuit diagram 1llustrating
a configuration example of one pixel provided 1n the pixel
array unit 21.

In FIG. 3, the pixel of the pixel array unit 21 includes a
photodiode 61, a charge discharging gate unit 62, a first
transfer gate unit 63, a first charge accumulating unit 64, a
second transier gate unit 65, a second charge accumulating
unit 66, a third transfer gate unit 67, a charge/voltage
converting unit 68, a reset gate unit 69, an amplification
transistor 70, and a selection transistor 71.

The photodiode 61 15 a photodiode of a PN junction and
receives light from the subject, generates charges according
to an amount of received light, and accumulates the charges.

The charge discharging gate unit 62 1s connected between
the photodiode 61 and a power supply not illustrated in the
drawings and discharges the charges accumulated in the
photodiode 61 to the outside, according to a driving signal
PG applied to a gate electrode of the charge discharging gate
unit 62.

For example, in FIG. 3, the charge discharging gate unit
62, the first transfer gate unit 63, the second transfer gate
unit 65, the third transfer gate unit 67, the reset gate unit 69,
and the selection transistor 71 are configured from a MOS
transistor of an N channel.

In addition, driving signals PG, TG, CG, FG, RST, and
SEL are supplied to gate electrodes of the charge discharging
gate unit 62 to the selection transistor 71. The driving signals
are pulse signals i which a state of a high level (for
example, a power supply voltage VDD) becomes an active
state (on state) and a state of a low level (for example, a
negative potential) becomes an 1nactive state (ofl state).

Therefore, for example, 1n the charge discharging gate
unit 62, when the driving signal PG supplied to the gate
clectrode of the charge discharging gate unit 62 enters an
active state and the charge discharging gate unit 62 1s turned
on, a state becomes a conductive state and the charges
accumulated 1n the photodiode 61 are discharged. The
charge discharging gate unit 62 1s provided to prevent
occurrence of the phenomenon of the photodiode 61 being
saturated with the charges 1n a period where the charges are
not accumulated and the charges more than a saturation
charge amount overflowing to the first charge accumulating
unit 64, the second charge accumulating unit 66, and periph-
eral pixels.

The first transfer gate unit 63 1s provided between the
photodiode 61 and the first charge accumulating unit 64. It
the driving signal TG supplied to the gate electrode of the
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first transier gate unit 63 enters an active state, the first
transter gate unit 63 transiers the charges accumulated 1n the
photodiode 61 to the first charge accumulating unit 64.

The first charge accumulating unit 64 1s provided as an
embedded MOS capacitor and accumulates the charges
transierred from the photodiode 61 through the first transier
gate unit 63. The driving signal SG 1s applied to the gate
clectrode of the first charge accumulating unit 64. If the
driving signal SG enters an active state, that 1s, a high-level
state, a potential of a portion of the first charge accumulating
unmit 64 decreases and a large amount of charges can be
accumulated.

The second transfer gate unit 65 1s provided between the
first charge accumulating unit 64 and the second charge
accumulating unit 66.

If the driving signal CG supplied to the gate electrode of
the second transier gate unit 65 enters an active state (lugh
level), the second transier gate unit 65 enters a conductive
state. For this reason, the potentials of the first charge
accumulating unit 64 and the second charge accumulating
unit 66 are coupled to each other.

In addition, 11 the driving signal CG supplied to the gate
clectrode of the second transfer gate unit 65 enters an
mactive state (low level), the second transier gate unit 65
enters a non-conductive state. For this reason, the potentials
of the first charge accumulating unit 64 and the second
charge accumulating unit 66 are divided.

The second charge accumulating unit 66 1s configured by
a capacitor having a capacity value per unit area larger than
that of the first charge accumulating unit 64 and the second
charge accumulating unit 66 1s a LOFIC. The third transfer
gate umt 67 1s connected to the charge/voltage converting
umt 68 to which the gate electrode of the amplification
transistor 70 1s connected and the driving signal FG func-
tioning as a transier signal 1s applied to the gate electrode of
the third transfer gate unit 67.

If the driving signal FG enters an active state, that 1s, the
driving signal FG 1s at a hugh level, the third transfer gate
unit 67 enters a conductive state and transiers the charges
accumulated 1n the first charge accumulating unit 64 to the
charge/voltage converting umt 68. The charge/voltage con-
verting unit 68 1s a floating diffusion region that converts the
charges transferred from the first charge accumulating unit
64 1nto an electric signal, for example, a voltage signal and
outputs the voltage signal.

The reset gate umit 69 1s an element that appropnately
initializes (resets) each region from the charge/voltage con-
verting unit 68 to the second charge accumulating umt 66
and a drain of the reset gate unit 1s connected to a power
supply of a reset voltage VR and a source thereof 1s
connected to the charge/voltage converting unit 68. The
driving signal RST 1s applied as a reset signal to the gate
clectrode of the reset gate unit 69.

In addition, if the driving signal RST enters an active
state, the reset gate unit 69 enters a conductive state and the
potential of the charge/voltage converting unit 68 1s reset to
a level of the reset voltage VR. That 1s, 1nitialization of the
charge/voltage converting unit 68 1s performed.

A gate electrode of the amplification transistor 70 1is
connected to the charge/voltage converting unit 68 and a
drain thereof 1s connected to a power supply of a power
supply voltage. The amplification transistor 70 becomes a
read circuit reading the charges obtained by photoelectric
conversion 1n the photodiode 61, that 1s, an input unit of a
so-called source follower circuit. That 1s, a source of the
amplification transistor 70 1s connected to the vertical signal
line 27 through the selection transistor 71, so that the
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amplification transistor 70 configures a source follower
circuit with a constant current source connected to one end
of the vertical signal line 27.

The selection transistor 71 1s connected between the
source of the amplification transistor 70 and the vertical
signal line 27 and the driving signal SEL functioning as a
selection signal 1s supplied to the gate electrode of the
selection transistor 71. If the drniving signal SEL enters an
active state, the selection transistor 71 enters a conductive
state and a pixel provided with the selection transistor 71 1s
selected. If the pixel 1s selected, a signal output from the
amplification transistor 70 1s read to the column processing
unit 23 through the vertical signal line 27.

In each pixel, a plurality of driving lines are provided as
the pixel driving lines 26 of FIG. 2, for every pixel row. In
addition, the driving signals PG, TG, SG, CG, FG, RST, and
SEL are supplied from the vertical driving unit 22 of FIG. 2
to the pixels through the plurality of driving lines function-
ing as the pixel driving lines 26.

A connection line 72 that 1s connected to a power supply
not 1llustrated 1n the drawing and applies a voltage V., to
a well configuring the pixel 1s connected to the pixel of FIG.
3 through a contact not illustrated 1n the drawing. Specifi-
cally, the vertical driving unit 22 controls application of the
voltage V_ ., for the well of each pixel through the connec-
tion line 72.

In addition, the control of the voltage application for the
well of the pixel 1s not limited to the vertical driving unit 22
and may be performed by another block of the solid-state
imaging element 11 1llustrated i FIG. 2 and a block
performing only the control of the voltage application may
be provided 1n the solid-state 1imaging element 11.

However, the solid-state imaging element 11 cannot read
the charges of all pixels at the same time and reads the
charges 1n a unit of one row. For this reason, 1t 1s necessary
to hold a signal in a shielded charge accumulation region in
the pixel during waiting for read, to realize the global
shutter. Technology for accumulating a part of signals 1n the
charge accumulation region during exposure as well as
during waiting for read to increase a handling charge
amount, in the solid-state 1imaging element 11 having the
global shutter function, 1s known (for example, refer to
Japanese Patent Application Laid-Open No. 2011-199816 or
Japanese Patent Application Laid-Open No. 2009-268083).

Specific description 1s given below with reference to FIG.
4. FI1G. 4 illustrates driving timing when a global shutter
where a handling charge amount is 1increased 1s executed in
the related art.

In the solid-state imaging element 11, after all pixels are
collectively reset, the exposure 1s performed. In an exposure
period, photoelectric conversion by a photodiode (PD) 1s
performed 1n each pixel and the charges obtained by the PD
are accumulated 1n the PD and the charge accumulating unait.
I an exposure time ends, the charges remaining 1n PDs of all
pixels are collectively transterred to the charge accumulat-
ing unit and the charges of the charge accumulating unit are
sequentially read 1n a unit of one row. Therefore, 1n the
charge accumulating unit of each pixel, there 1s a waiting
time 1n which a waiting state 1s maintained while the charges
are held, until the accumulated charges are read.

As described above, when the global shutter 1s executed
by the CIS according to the related art, there 1s a waiting,
time. Because new charges cannot be accumulated from the
PD in a waiting period, the waiting period becomes a
non-exposure period.

As such, when there 1s the non-exposure period, 1t may be
impossible to 1mage a smooth moving image in which
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continuous exposure 1s necessary and a frame rate 1s high or
it may be 1mpossible to capture a state of an instant of the
subject moving fast. In addition, sensitivity of the moving
image when the frame rate 1s the same may be decreased.

The present technology has been made in view of the
above-described circumstances and a resolving method will
be described hereinaftter.
| With Respect to Arrangement of Pixels in Pixel Array Umnit
21]

Multiple pixels configuring the pixel array unit 21 are
divided into two groups of a first group and a second group
and driving timings of the first group and the second group
are 1ndependently controlled. In addition, odd-numbered
frames are generated by 1image signals from the pixels of the
first group and even-numbered frames are generated by
image signals from the pixels of the second group. The
odd-numbered frames and the even-numbered frames are
different 1n sampling points (positions of pixels). However,
odd-numbered frames and even-numbered frames of which
sampling points are viewed equally by interpolation or
reduction of an 1image size may be generated.

FIG. 5 illustrates two examples of a division method of
the pixel array unit 21 when the solid-state imaging element
11 outputs a monochrome i1mage.

A of FIG. 5 illustrates a method of dividing the first group
and the second group in a horizontal stripe shape alternately
for every predetermined rows (for every row in A of FIG. 5),
with respect to multiple pixels configuring the pixel array
umt 21. B of FIG. 5 illustrates a method of dividing the first
group and the second group in a checker board pattern by
setting the pixels of all directions of the pixels of the first
group as the second group.

FIG. 6 illustrates three examples of a division method of
the pixel array unit 21 when the solid-state imaging element
11 outputs a color image.

A of FIG. 6 illustrates a method of dividing the first group
and the second group 1n a horizontal stripe shape alternately
for every row, with respect to multiple pixels configuring the
pixel array unit 21. B of FIG. 6 illustrates a method of
dividing the first group and the second group 1n a horizontal
stripe shape alternately for every two rows, with respect to
multiple pixels configuring the pixel array unit 21. C of FIG.
6 illustrates a method of dividing the first group and the
second group 1n a checker board pattern by setting the pixels
of all directions of the pixels of the first group as the second
group.

An arrangement of R, G, and B 1n the solid-state imaging
clement 11 1s not limited to the arrangement example of FIG.
6. In addition, the division method of the first group and the
second group 1s not limited to the example of FIG. 6 and the
first group and the second group may be divided equally. In
addition, the pixels may be divided into three groups or
more, not the two groups.
| With Respect to Operation of Pixel Array Unit 21]

Next, an operation of the pixel array unit 21 will be
described. FIG. 7 1s a flowchart 1llustrating an operation of
the pixel array unit 21.

A pixel unit control process starts when the solid-state
imaging element 11 starts to output an 1mage signal for a rear
step.

In step S1, all pixels (that 1s, the first group and the second
group) configuring the pixel array unit 21 are collectively
reset.

In step S2, after the collective resetting, (the photodiodes
61 of) the pixels belonging to the first group enter an
exposure period. Thereby, accumulation of the charges sub-
jected to the photoelectric conversion starts. The read
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charges are output as electric signals to the column process-
ing unit 23 and become image signals of the odd-numbered
frames. In parallel with this, in the pixels belonging to the
second group, the charges remaining 1n the photodiode 61
are collectively transferred to a rear step and read of the
charges 1s performed sequentially for every row. In the
process of first step S1, because the second group does not
yet enter the exposure period, a process for the second group
may be omitted.

In step S3, 1n the pixels belonging to the first group, the
charges remaiming in the photodiode 61 are collectively
transierred to a rear step and read of the charges 1s performed
sequentially for every row. The read charges are output as
clectric signals to the column processing unit 23 and become
image signals ol even-numbered frames. In parallel with
this, after the collective resetting, (the photodiodes 61 of) the
pixels belonging to the second group enter the exposure
period. Thereby, accumulation of the charges subjected to
the photoelectric conversion starts.

In step S4, 1t 1s determined whether an output of an 1image
signal from the solid-state imaging element 11 ends, the
process returns to step S2 until it 1s determined that the
output of the image signal ends, and steps S2 and S3 are
repeated. With the above, the description of the pixel unit
control process ends.

FIGS. 8 and 9 1llustrate driving timings of the first group
and the second group of the pixel array umt 21 by the pixel
unit control process described above. FIG. 8 illustrates an
example of the case 1n which a part of the exposure period
overlaps 1n the first group and the second group and FIG. 9
illustrates an example of the case in which the exposure
period does not overlap 1n the first group and the second
group.

As apparent from FIGS. 8 and 9, when one of the first
group and the second group of the pixel array umt 21 enters
the exposure period, the other enters a sequential read period
(non-exposure period). For this reason, the global shutter
can be realized without setting the non-exposure period for
the entire pixel array umit 21. In addition, the exposure
period can be continuously maintained for the entire pixel
array unit 21. Therefore, the solid-state 1maging element 11
can be adopted for an i1maging use to 1mage a smooth
moving 1mage in which continuous exposure 1s necessary
and a frame rate 1s high or to capture a state of an 1nstant of
the subject moving fast. In addition, the sensitivity decrease
by existence of the non-exposure period can be prevented.

Because the two read operations are necessary for reading,
one pixel signal, the frame rate becomes 2 when the

operation according to the related art i1llustrated in FIG. 4 1s
executed. In addition, the frame rate decreases as much as
the exposure period increases. In the solid-state imaging
clement 11 according to this embodiment executing the
driving 1llustrated i FIG. 8 or 9, because the number of
pixels read for one frame becomes 2, the frame rate does
not become 2, even though read 1s performed two times. In
addition, because read of the other pixel group 1s performed
in the exposure period of one pixel group, the frame rate 1s
not decreased by the exposure time.

In the case of FIG. 9, a user senses that only the handling
charge amount increases, without the existence of the non-
exposure period or the decrease in the frame rate, with
respect to the solid-state imaging element having the global
shutter function not using the technology for accumulating
the part of the signal 1n the charge accumulation region even
during the exposure to increase the handling charge amount.
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In the case of FIG. 8, there 1s a diflerence 1n that a period
where the exposure overlaps exists and the sensitivity can be
increased.

In both cases of FIGS. 8 and 9, the timing of the collective
resetting can be adjusted or the collective resetting can be
performed several times between the exposure time and a
next exposure time. That 1s, a substantial exposure time can
be adjusted without changing the frame rate.
<Second Embodiment>
| With Respect to Structure of each Pixel]

A structure of the pixel illustrated 1n FIG. 3 will be
described. FIG. 10 1s a diagram 1llustrating the structure of
the pixel illustrated i FIG. 3. In FIG. 10, a plane pattern
illustrating a pixel layout and cross-sections taken along
A-A' and B-B' in the plane pattern, respectively, are 1llus-
trated. In FIG. 10, portions corresponding to those in the
case of FIG. 3 are denoted with the same reference numerals
and explanation thereof 1s appropriately omitted.

As 1llustrated in the cross-section taken along B-B', a
photodiode 61 has a configuration of a diode of a PN
junction obtained by forming an N-type semiconductor
region 101 1n a P-type well 52 on a semiconductor substrate
51. The photodiode 61 becomes an embedded photodiode 1n
which a P-type semiconductor region 102 1s formed 1n a
surface layer portion thereof and a depletion end 1s separated
from an interface.

A first transfer gate unit 63 has a configuration in which
a gate electrode 103 1s arranged on a surface of a substrate
with a gate insulating film (not 1llustrated in the drawings)
therebetween and a P -type semiconductor region 104 1s
formed on a surface layer portion of the substrate. As
compared with the case 1n which the P™-type semiconductor
region 104 1s not formed, the P™-type semiconductor region
104 slightly deepens a potential right below the gate elec-
trode 103.

Thereby, the P™-type semiconductor region 104 becomes
an overtlow path to transier the charges of the predetermined
amount or more overflown from the photodiode 61 to the
first charge accumulating unit 64. Here, the charges of the
predetermined amount or more are specifically charges more
than a saturation charge amount of the photodiode 61.

The first charge accumulating unit 64 has a gate electrode
105 arranged on the surface of the substrate with a gate
insulating film (not illustrated in the drawings) therebetween
and 1s formed as an embedded MOS capacitor under the gate
clectrode 105. That 1s, the first charge accumulating unit 64
1s configured by an embedded MOS capacitor including the
gate electrode 105, an N-type semiconductor region 106
formed 1n a P-type well 52 right below the gate electrode
105, and a P™-type semiconductor region 107 formed on a
surface layer portion thereof.

A third transfer gate unit 67 has a gate electrode 108 that
1s arranged on the surface of the substrate with a gate
insulating film (not illustrated 1n the drawings) therebe-
tween. In the third transfer gate unit 67, the N-type semi-
conductor region 106 of the first charge accumulating unit
64 1s used as one source/drain region and an N™-type
semiconductor region 109 becoming a charge/voltage con-
verting unit 68 1s used as the other source/drain region.

In this example, the first charge accumulating unit 64 has
a pixel structure formed as an embedded MOS capacitor
under the gate electrode 105 of the first charge accumulating
unit 64 formed to be adjacent to the first transier gate unit 63
and the third transfer gate unit 67.

A second transier gate unit 65 has a gate electrode 110
arranged on the surface of the substrate with a gate isulat-
ing film (not illustrated in the drawings) therebetween and
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uses the N-type semiconductor region 106 of the first charge
accumulating unit 64 as one source/drain region. One end of
a second charge accumulating unit 66 1s connected to the
other source/drain region of the second transfer gate unit 65.

In addition, the second transier gate unit 63 has a structure
in which an N™-type semiconductor region 111 1s formed 1n
a P-type well 52 rnight below the gate electrode 110. As
compared with the case in which the N™-type semiconductor
region 111 1s not formed, the N™-type semiconductor region
111 slightly deepens a potential right below the gate elec-
trode 110. Thereby, the N™-type semiconductor region 111
becomes an overflow path to transfer the charges of the
predetermined amount or more overtlown from the first
charge accumulating unit 64 to the second charge accumu-
lating unit 66 through an N™-type semiconductor region 112.

In the pixel of FIG. 10, a P"-type semiconductor region
113 1s formed in the P-type well 52, that 1s, the surface layer
portion of the substrate and a connection line 72 1s connected

to the P™-type semiconductor region 113.

In the pixel, the gate electrode 105 of the first charge
accumulating unit 64, the second transfer gate unit 65, and
the third transfer gate unit 67 couple or divide the potentials
of the charge/voltage converting unit 68, the first charge
accumulating unit 64, and the second charge accumulating
unit 66.
| With Respect to Arrangement of Pixels 1n Pixel Array Unit]

As described above, a voltage V _,, 1s applied to each
pixel provided 1n the pixel array unit 21 through the con-
nection line 72 or a contact. However, the contact connect-
ing the connection line 72 and the pixel (P-type well 52) may
be provided in a unit of a row or may be provided for every
pixel.

For example, when each pixel i1s connected to a power
supply 1n a unit of a row, as illustrated in FIG. 11, individual
pixel rows G11-1 to G11-5 are provided mn an N -type
semiconductor region 141 provided on the substrate of the
pixel array unit 21. That 1s, each of the pixel rows G11-1 to
(G11-5 1s divided by the N™-type semiconductor region 141
and 1s electrically 1solated.

Hereinaiter, when 1t 1s not necessary to distinguish the
pixel rows G11-1 to G11-5 1n particular, the pixel rows
G11-1 to G11-3 are also simply called the pixel rows G11.

In the pixel row G11, a plurality of pixels arranged 1n a
horizontal direction (row direction) in the drawings are
provided in one P-type well 52 divided by the N~ -type
semiconductor region 141. That 1s, a region of the P-type
well 5 1s electrically 1solated for every pixel row. In other
words, the P-type well 52 of each pixel of the pixel row 1s
integrally formed and the P-type well 52 of each pixel row
1s electrically 1solated.

In FIG. 11, one square in the pixel row G11 shows one
pixel. In this case, the connection line 72 1s connected to one
of the pixels configuring the pixel row G11 through the
contact. That 1s, the voltage V___,; 1s applied to the P-type
well 52 of the pixel row (G11 through one connection line 72.

In addition, when the voltage V _,, 1s applied by the
connection line 72 for every pixel, for example, as 1llustrated
at the upper side of FIG. 12, each pixel 1s electrically
1solated and 1s provided in an N™-type semiconductor region
142 and the connection line 72 1s connected to the P-type
well 52 of each pixel through the contact. That 1s, a region
of the P-type well 52 1s electrically 1solated for every pixel.

Theretfore, 1n this example, the voltage V__,, 1s applied to
the P-type well 52 for every pixel. In the pixel array unit 21
illustrated at the upper side of FIG. 12, one hatched square
shows one pixel.
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As such, 1f the contact 1s provided for every pixel and a
voltage 1s applied to the P-type well 52, the pixel array unit
21 can be driven at a high speed. Even though the contact 1s
not provided for every pixel, one contact may be provided
for some pixels as illustrated in FIG. 11, using electric
conduction of the P-type well 52.

In addition, when one contact 1s provided for some pixels,
for example, as 1llustrated at a center of FIG. 12, one P-type
well 52 may be provided for the N™-type semiconductor
region 143 provided on the substrate of the pixel array umit
21 and all pixels may be formed 1n the P-type well 52. That
1s, the region of the P-type well 52 1s formed to be electri-
cally integrated in all pixels. At the center of FIG. 12, a
hatched region shows a region of the pixels and one square
in the region shows one pixel.

For example, as illustrated at a lower side of FIG. 12, a
plurality of block regions each including some pixels may be
clectrically isolated and may be provided in the N™-type
semiconductor region 144 provided on the substrate of the
pixel array unit 21. That 1s, the region of the P-type well 52
may be electrically 1solated in a unit of a block including any
MxN pixels.

In this case, the connection line 72 1s connected to the
P-type well 52 of each block region through the contact and
the voltage V_ ., 1s applied to the P-type well 52 for every
block region. In the pixel array unit 21 illustrated at the
lower side of FIG. 12, a hatched rectangular region shows
one block region and one square in each block region shows
one pixel.

Generally, the P-type wells 52 provided adjacent to each
other need to be 1solated from each other by a constant
distance. For this reason, i1f the regions of the pixels are
divided 1n a unit of a block and the contact 1s provided for
every block unit, area efliciency can be improved.
| With Respect to Outline of Present Technology]

Next, an outline of the present technology will be
described.

In a pixel of a LOFIC structure in which a charge
accumulating element such as a capacitor 1s mounted, like
the pixel configuring the pixel array unit 21, a negative bias
1s applied to a well region provided with the pixel, when
initialization of the charge accumulating element 1s
executed.

In this case, for example, as illustrated 1n FIG. 13, because
the potential of the gate unit increases, assistance to the
initialization 1s not made. In FI1G. 13, portions corresponding
to those 1n the case of FIG. 10 are denoted with the same
reference numerals and explanation thereof 1s appropniately
omitted.

In FIG. 13, polygonal lines PO21 and PO22 show a
potential in each region from the N™-type semiconductor
region 112 to a region right below the reset gate unit 69.

For example, 11 the negative bias (negative voltage) 1s
applied to the P-type well 52 using the technology described
in Patent Document 1, 1n a state of the potential illustrated
by the polygonal line PO21, the state of the potential of each
region changes to the state illustrated by the polygonal line
PO22.

In this example, because the voltage applied to the gate
clectrode 110 of the second transfer gate unit 65 and the gate
clectrode 108 of the third transier gate umt 67 is insuilicient,
the potential of the region right below the gate electrode 110
or the gate electrode 108 increases.

For this reason, the potentials of the second charge
accumulating unit 66, the first charge accumulating unit 64,
and the charge/voltage converting unit 68 are not coupled to
cach other and the charges may not be 1njected from the side
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of the first charge accumulating unit 64 to the second charge
accumulating unit 66. That 1s, the second charge accumu-
lating unit 66 cannot be reset.

In order to correspond to this, the potential may be
increased to a state 1n which the second charge accumulating
unit 66 can be mitialized, by decreasing a reset voltage VR
applied to the drain of the reset gate unit 69. However, in this
case, 1t may become diflicult to secure a saturation signal
amount of the pixel.

In addition, as 1illustrated at the upper side of FIG. 14,
when the reset voltage VR 1s high or the voltage of the
driving signal CG, the drniving signal FG, or the driving
signal RST 1s low 1n resetting of the second charge accu-
mulating unit 66 or the first charge accumulating unit 64
performed before exposure of the pixel, the region from the
reset gate unit 69 to the second charge accumulating unit 66
1s not electrically connected.

That 1s, as illustrated by a polygonal line PO31, 1if the
potential of the reset gate unit 69 1s low or the potential of
the region right below the gate electrode 110 or the gate
clectrode 108 1s high, the region from the reset gate unit 69
to the second charge accumulating unit 66 1s not electrically
connected. In this case, the imitialization of the second
charge accumulating unit 66 may not be performed.

The polygonal line PO31 shows the potential in each
region from the second charge accumulating unit 66 to the
reset gate unit 69 and a downward direction 1s a positive
direction of the potential in the drawings. In addition, a
region of a hatched portion of the upper side or the lower
side of the polygonal line PO31 shows the charges accu-
mulated 1n each region.

In a state illustrated at the upper side of FIG. 14, the
region from the reset gate unit 69 to the second charge
accumulating unit 66 1s not electrically connected. For this
reason, the state becomes a state i1n which an amount of
charges accumulated in each region 1s unclear and the
second charge accumulating unit 66 1s not mitialized.

Therefore, as 1llustrated at the center of FIG. 14, a method
of decreasing the reset voltage VR (increasing the potential)
and changing the potential of each region to become a state
illustrated by a straight line PO32 1s considered.

In this case, the region from the reset gate unit 69 to the
second charge accumulating unit 66 1s electrically con-
nected, the second charge accumulating unit 66 1s 1mnitialized,
and the potential of each region has the same height.
However, 1n this case, because the reset level increases as
much as the potential increases, a dynamic range of the pixel
may be narrowed. For this reason, this method 1s not
preferable.

Therefore, 1n the present technology, the positive voltage
V. ;18 applied to the P-type well 52 according to necessity
when the second charge accumulating unit 66 1s initialized
(reset) and the msuthicient voltage of the gate electrode 110
or the gate electrode 108 1s compensated for.

It the positive voltage V., 1s applied to the P-type well
52, a potential of a surrounding portion of the first charge
accumulating unit 64 decreases from the state illustrated by
the polygonal line PO31 and becomes a state 1llustrated by
a polygonal line PO33. Thereby, the region from the reset
gate unit 69 to the second charge accumulating unit 66 is
clectrically connected, the second charge accumulating unit
66 1s initialized, and the potential of each region has the
same height as illustrated by a straight line PO34.

In this case, because a level (height) of the potential
illustrated by the straight line PO34 becomes lower than a
level of the potential 1llustrated by the straight line PO32, a
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suilicient dynamic range can be secured. That 1s, as com-
pared with the related art, the saturation signal amount of the
pixel can be increased.

As such, 1n the case 1n which the first charge accumulating
unit 64 or the second charge accumulating unit 66 connected
to the reset gate unit 69 through one or more gates such as
the third transier gate unit 67 1s mitialized, i a voltage
applied to the gate 1s insuflicient, the potential of each region
may not be reset to a level of the reset voltage VR.
Therefore, 1n this technology, the positive voltage 1s applied
to the P-type well 52 at the time of the immitialization to
compensate for the gate voltage and the initialization 1s
appropriately performed while the saturation signal amount
1s sulliciently secured.

In addition, preterably, timing when the positive voltage
V. . 18 applied to the P-type well 52 1s equally set to all
pixels when the global driving 1s performed, that 1s, all
pixels are reset at the same time and 1s individually set for
every pixel row when rolling read to reset the pixel for every
pixel row 1s performed. In addition, when the rolling read 1s
performed, the region of the P-type well 52 1s preferably
divided 1n a unit of a pixel row.

A summary of the above description 1s as follows.

That 1s, recently, a power supply voltage used from a
scaling rule decreases with the mimaturization of a semi-
conductor process. For this reason, the power supply voltage
to be used in the solid-state 1maging element equally
decreases. However, this leads to decreasing the number of
saturation signal charges that can be secured by the pixels.

Meanwhile, 1n a pixel in which a holding capacitor for
dynamic range expansion 1s mounted, represented by a pixel
of a LOFIC structure, not a general 41r-type pixel, a
potential state 1n which gates from a reset voltage terminal
to the holding capacitor are electrically connected 1s neces-
sary for mitializing the holding capacitor.

However, 1t 1s necessary to apply a high voltage to the
gates from the reset terminal to the holding capacitor to
clectrically connect the gates from the reset voltage terminal
to the holding capacitor. However, the voltage application
becomes diflicult with the minuteness of the process.

Therefore, 1n the present technology, 1n order to resolve a
problem caused by a low voltage, the positive bias (voltage)
1s applied to the well region of the pixel and a voltage
necessary for the gate 1s assisted, so that initialization 1s
appropriately performed and a saturation signal amount can
be increased.
| With Respect to Operation of Solid-State Imaging Element]

Hereinaftter, a specific operation of the solid-state imaging
clement 11 to which the present technology 1s applied will
be described with reference to FIG. 15. FIG. 15 illustrates a
state of each signal supplied to a pixel at each time. That 1s,
in the drawing, a horizontal direction shows a time and a
longitudinal direction shows a level (voltage) of each signal.

In FIG. 15, polygonal lines SLL11 to SL18 show driving
signals SEL, RST, TG, PG, CG, SG, FG, and a pulse P__;,

to apply the positive voltage V., to the P-type well 52,
respectively.

First, in an mitial state, only the driving signal PG 1s
turned on, that 1s, enters an active state and the other driving
signals SEL, RST, TG, CG, SG, and FG are turned ofl, that
1s, enter an 1nactive state. In addition, the pulse P__;; 1s

turned ofl (enters an inactive state) and a predetermined
voltage becoming a reference 1s applied to the P-type well

d2.
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In this state, because the driving signal PG 1s turned on,
a part ol charges generated by receiving light by the pho-
todiode 61 1s discharged to the outside through the charge
discharging gate unit 62.

Next, at a time t1, the driving signals RST, CG, SG, and
FG are turned on, the pulse P__,, 1s turned on (enters an
active state), and the positive voltage V., more than the
predetermined voltage becoming the reference 1s applied to
the P-type well 52. For example, on/ofl control of the pulse
P ., 1s performed by the vertical driving unit 22.

Thereby, as illustrated at a lower side of FIG. 14, the
second charge accumulating unit 66, the first charge accu-
mulating unit 64, and the charge/voltage converting unit 68
are electrically connected. As a result, a part of charges
accumulated 1n each region i1s discharged to the outside
through the reset gate unit 69 or the charges are mjected
from the outside to each region through the reset gate unit 69
and each region from the second charge accumulating unit
66 to the charge/voltage converting unit 68 1s initialized
(reset).

Then, 1f the driving signal FG 1s turned off after the
driving signal RST 1s turned off, the potential right below the
third transfer gate unit 67 increases and the potential 1s
divided. For this reason, the first charge accumulating unit
64 and the charge/voltage converting unit 68 are electrically
1solated.

If the driving signal SG 1s turned off, the potential of the
first charge accumulating unit 64 increases. For this reason,
the charges accumulated in the first charge accumulating
unit 64 are transierred to the second charge accumulating
unit 66 clectrically connected.

In addition, at a time t2, 11 the driving signal CG 1s turned
ofl, the potential right below the second transfer gate unit 635
increases and an overtlow path 1s formed between the first
charge accumulating unit 64 and the second charge accu-
mulating unit 66.

In a period T1 between the time tl1 and the time t2, the
second charge accumulating unit 66 1s imitialized (reset), 1n
detail, the second charge accumulating unit 66, the first
charge accumulating unit 64, and the charge/voltage con-
verting unit 68 are mitialized. For example, the initialization
of the second charge accumulating unit 66 1s performed
sequentially for every pixel row.

If the second charge accumulating unit 66 1s initialized, at
a time t3, the pulse P_ _,; 1s turned off and the voltage applied
to the P-type well 52 changes from the voltage V__,; to the
predetermined voltage becoming the reference. In addition,
at a time t4, 11 the driving signal PG 1s turned off, discharge
of the charges from the charge discharging gate unit 62 to the
outside 1s stopped. For this reason, the charges obtained by
the photoelectric conversion by the photodiode 61 are accu-
mulated 1n the photodiode 61. That 1s, exposure 1n all pixels
starts.

At this time, because the driving signal TG 1s turned off,
an overflow path 1s formed between the photodiode 61 and
the first charge accumulating unit 64. For this reason, 1f an
amount of charges generated by the photodiode 61 reaches
a saturation signal amount, the charges generated more than
the saturation signal amount are transierred from the pho-
todiode 61 to the first charge accumulating unit 64 and are
accumulated 1n the first charge accumulating unit 64.

In addition, an overflow path 1s formed between the first
charge accumulating unit 64 and the second charge accu-
mulating unit 66. Therefore, 11 an amount of charges accu-
mulated in the first charge accumulating unit 64 reaches the
saturation signal amount, the charges transierred more than
the saturation signal amount are further transferred to the
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second charge accumulating unit 66 and are accumulated 1n
the second charge accumulating unit 66.

At a time t3, 1f the drniving signal CG 1s turned on, the
potential right below the second transfer gate unit 635
decreases. For this reason, the charges accumulated 1n the
first charge accumulating unit 64 are transferred to the

second charge accumulating unit 66. Then, the driving signal
CG 1s turned ofl.

In addition, at a time t6, the driving signal TG and the
driving signal SG are turned on. In this case, the potential of
the first charge accumulating unit 64 decreases, the potential
right below the first transfer gate unit 63 decreases, and the
charges accumulated 1n the photodiode 61 are transferred to
the first charge accumulating unit 64.

At this point of time, the charges obtained 1n an exposure
period are accumulated 1n the first charge accumulating unit
64 and the second charge accumulating unit 66.

At a time t7, the driving signal TG 1s turned ofl and the
driving signal PG 1s turned on. Thereby, transierring of the
charges from the photodiode 61 to the first charge accumus-
lating unit 64 1s stopped and the charges of the photodiodes
61 are discharged to the outside. A period 12 from the time
t4 to the time t7 1s an exposure period and exposure of all
pixels 1s performed simultaneously during the same period
in the exposure period.

Then, the driving s1ignal SG 1s turned off and the potential
of the first charge accumulating unit 64 increases. In addi-
tion, the dnving signal SEL 1s turned on, the pixel 1s
selected, the driving signal RST i1s turned on, and the
potential of the charge/voltage converting unit 68 1s reset to
a level of the reset voltage VR.

At a time t8, 11 the driving signal RST 1s turned ofl and the
reset of the charge/voltage converting unit 68 ends, first reset
level read 1s performed. That 1s, the potential of the charge/
voltage converting unit 68 1s read as a first reset level N1 to
the column processing unit 23 through the amplification
transistor 70, the selection transistor 71, and the vertical
signal line 27.

Next, at a time 19, the dniving signal FG 1s turned on, the
potential right below the third transfer gate unit 67
decreases, and the first charge accumulating unit 64 and the
charge/voltage converting unit 68 are electrically connected.
Thereby, the charges of the first charge accumulating unit 64
are transierred to the charge/voltage converting unit 68
through the third transfer gate unit 67. That 1s, transierring
of the charges by the third transfer gate unit 67 1s performed
and the transferred charges are accumulated 1n the charge/
voltage converting unit 68.

A period T3 from the time t8 to the time t9 becomes a first
reset level read period 1in which the first reset level N1 1s
read.

At a time t10, 1f the driving signal FG 1s turned ofl, the
potential right below the third transfer gate unit 67 increases,
and the first charge accumulating unit 64 and the charge/
voltage converting unit 68 are electrically 1solated, first
signal level read 1s performed.

That 1s, the potential of the charge/voltage converting unit
68 1s read as the first signal level S1 to the column process-
ing unit 23 through the amplification transistor 70, the
selection transistor 71, and the vertical signal line 27. In
addition, a difference of the first reset level N1 and the first
signal level S1 becomes a value of a first pixel signal. That
1s, the difference of the potentials that are changed according
to the charges transferred from the first charge accumulating,
unit 64 to the charge/voltage converting unit 68 becomes the
value of the first pixel signal.
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At a time tl11, the driving signals CG, SG, and FG are
turned on, the pulse P__,, 1s turned on (enters an active state),
and the positive voltage V__,; 1s applied to the P-type well
52.

Thereby, the potentials right below the second transier
gate unit 65 and the third transfer gate unit 67 decrease and
the potentials of the first charge accumulating unit 64, the
second charge accumulating unit 66, and the charge/voltage
converting unit 68 are coupled. That 1s, the first charge
accumulating unit 64, the second charge accumulating unit
66, and the charge/voltage converting unit 68 are electrically
connected. At this time, assistance of the voltage application
to the gate electrodes of the second transfer gate unit 65 and
the third transfer gate unit 67 i1s performed by applying the
positive voltage V., to the P-type well 52.

A period T4 from the time t10 to the time t11 becomes the
first signal level read period 1n which the first signal level S1
1s read.

At the time t11, if the first charge accumulating unit 64,
the second charge accumulating unit 66, and the charge/
voltage converting unit 68 are electrically connected, the
charges accumulated 1n the second charge accumulating unit
66 and the charge/voltage converting unit 68 are accumu-
lated 1n the first charge accumulating umt 64, the second
charge accumulating unit 66, and the charge/voltage con-
verting unit 68. That 1s, the charges are accumulated over the
entire regions of the first charge accumulating unit 64, the
second charge accumulating unit 66, and the charge/voltage
converting unit 68 of which the potentials are coupled.

In this case, the potential of the charge/voltage converting
unit 68 1s read as a second signal level S2 to the column
processing unmt 23 through the amplification transistor 70,
the selection transistor 71, and the vertical signal line 27.
That 1s, second signal level read 1s performed.

Next, at a time t12, the dniving signal RST 1s turned on
and a part of the charges of the first charge accumulating unit
64, the second charge accumulating unit 66, and the charge/
voltage converting unit 68 1s discharged to the outside
through the reset gate unit 69 and these regions are reset. A
period T5 from the time t11 to the time t12 becomes a second
signal level read period in which the second signal level S2
1s read.

At a time t13, if the driving signal RST 1s turned off and
the reset of the first charge accumulating unit 64, the second
charge accumulating unit 66, and the charge/voltage con-
verting unit 68 ends, second reset level read 1s performed.
That 1s, the potential of the charge/voltage converting unit
68 1s read as the second reset level N2 to the column
processing unmt 23 through the amplification transistor 70,
the selection transistor 71, and the vertical signal line 27.

At a time t14, the driving signal SEL 1s turned off,
selection of the pixel 1s released, the driving signal FG 1s
turned off, the potential right below the third transfer gate
unit 67 increases, and the potentials of the first charge
accumulating unit 64 and the charge/voltage converting unit
68 are divided. That 1s, the first charge accumulating unit 64
and the charge/voltage converting umt 68 are electrically
1solated.

A period T6 from the time t13 to the time t14 becomes a
second reset level read period 1in which the second reset level
N2 1s read.

A difference of the second reset level N2 and the second
signal level S2 read as described above becomes a value of
the second pixel signal. That 1s, the first charge accumulating,
unit 64, the second charge accumulating unit 66, and the
charge/voltage converting unit 68 are electrically connected
and a difference of the potentials changed when the entire
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regions are reset from a state in which the charges are
accumulated in the entire regions becomes the value of the
second pixel signal.

In addition, 1n the signal processing unit 28, a final pixel
value of the pixel, that 1s, a pixel signal value 1s determined
on the basis of the read first and second pixel signals. For
example, when a first pixel signal value 1s less than a
predetermined value, that 1s, saturation of a signal 1s not
generated by low illumination, the first pixel signal becomes
a final pixel signal.

Meanwhile, when the first pixel signal value 1s equal to or
more than the predetermined threshold value, that 1s, the
saturation of the signal 1s generated by high 1llumination, a
value of the product of gain acquired from the first pixel
signal and the second pixel signal and the second pixel
signal becomes the final pixel signal.

At a time t14, if the driving signal SEL and the drniving
signal FG are turned off, the driving signal SG 1s turned of.
In this case, because the potential of the first charge accu-
mulating unit 64 increases, the charges accumulated 1n the
first charge accumulating unit 64 are transferred to the
second charge accumulating unmt 66 clectrically connected.

Then, 11 the driving signal CG 1s turned ofl, the potential
right below the second transfer gate unit 63 increases and an
overtlow path 1s formed between the first charge accumu-
lating unit 64 and the second charge accumulating unit 66.

At a time t15, the pulse P _,, 1s turned off and the voltage
applied to the P-type well 52 changes from the voltage V
to the predetermined voltage becoming the reference. A
process that 1s executed after the driving signal SG 1s turned
ofl after the time t7 1s a process executed for every pixel row.

In this way, the solid-state 1maging element 11 receives
light from the subject, executes photoelectric conversion on
the light, and 1images an 1mage. At this time, at the time of
initializing the second charge accumulating unit 66 1n the
period T1, reading the second signal level 1n the period TS5,
and reading the second reset level i the period T6 1n
particular, the positive voltage V___,; 1s applied to the P-type
well 52, thereby decreasing the voltage and increasing the
saturation signal amount.

That 1s, the solid-state 1maging element 11 applies the
positive voltage to the P-type well 52 and alleviates a gate
voltage necessary for mitialization of a semiconductor ele-
ment such as the first charge accumulating unit 64 and the
second charge accumulating unit 66 electrically 1solated
from the reset gate unit 69 to discharge or inject the charges,
by one or more gates such as the third transfer gate unmit 67.
Thereby, even when a voltage to drive the solid-state 1imag-
ing element 11 1s low, the sutlicient saturation signal amount
can be secured and the semiconductor element can be
initialized (reset).

If the positive voltage applied to the P-type well 52
increases, an assistance effect for the mitialization of the
semiconductor element such as the first charge accumulating
umt 64 increases. However, 1f the voltage applied to the
P-type well 52 1s excessively high, a forward bias 1s applied
between the P-type well 52 and a node 1n which a voltage 1s
lowest 1n the pixel, which may result 1n exerting a bad
influence on the pixel.

For example, the node in which the voltage may be lowest
in the pixel 1s the vertical signal line 27 that becomes a
source of the selection transistor 71. For this reason, when
the positive voltage V., 1s applied to the P-type well 52, at
timing when the voltage V__,; 1s applied, a positive voltage
lower than the voltage applied to the vertical signal line 27
may be set as the voltage V

well*
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In addition, the timing when the positive voltage V_;, 1s
applied to the P-type well 52 may be equally set to all pixels
or may be diflerent for every pixels such as a pixel row and
a pixel block.

In addition, the positive voltage may be applied to each
P-type well 52 provided with each pixel and the positive
voltage may be applied to the P-type well 52 for every pixel
row or every block unit including some pixels.

In the above description, the first charge accumulating
unit 64 or the second charge accumulating unit 66 corre-
sponding to the semiconductor element to be 1nitialized 1s
the capacitor. However, when the semiconductor element 1s
the capacitor, the capacitor may have any structure.

For example, the capacitor to be the semiconductor ele-
ment may have a metal-insulation layer-metal (MIM) struc-
ture in which an msulation layer (insulator) 1s interposed by
a metal and a metal or may have a polysilicon-insulation
layer-metal (PIM) structure in which an insulation layer 1s
interposed by polysilicon and a metal. In addition, the
capacitor to be the semiconductor element may have a
polysilicon-insulation layer-polysilicon (PIP) structure in
which an insulation layer 1s interposed by polysilicon and
polysilicon.
<Third F

Embodiment>
|Configuration Example of Pixel]

A solid-state 1maging element 11 may be a sensor in
which a capacitor 1s provided 1n the vicinity of a charge/
voltage converting unit 68 1n a pixel of a pixel array unit 21
and gain of the charge/voltage converting unit 68 1s varnable.

In this case, pixels configuring the pixel array unit 21 are
configured as illustrated 1in FIG. 16. In FIG. 16, portions
corresponding to those in the case of FIG. 3 are denoted by
the same reference numerals and explanation thereof 1s
appropriately omitted.

In FIG. 16, a pixel of the pixel array unit 21 includes a
photodiode 61, a first transfer gate unit 63, a gain control
gate unit 201, a charge accumulating unit 202, a charge/
voltage converting unit 68, a reset gate unit 69, an ampli-
fication transistor 70, and a selection transistor 71. In
addition, a connection line 72 that 1s connected to a power
supply not illustrated 1n the drawing and applies a positive
voltage V  _,, to a P-type well 52 of the pixel 1s connected to
the pixel through a contact not 1illustrated in the drawing.

In an example of FIG. 16, the photodiode 61 1s connected
to the charge/voltage converting unit 68 through the first
transier gate unit 63. In addition, the reset gate unit 69 1s
connected to the charge/voltage converting unit 68 and the
vertical signal line 27 1s also connected to the charge/voltage
converting unit 68 through the amplification transistor 70
and the selection transistor 71.

The charge accumulating unit 202 to be a capacitor to
accumulate charges 1s also connected to the charge/voltage
converting unit 68 through the gain control gate unit 201. A
driving signal GC 1s supplied to a gate electrode configuring
the gain control gate unit 201. The driving signal GC
becomes a pulse signal 1n which a high-level state becomes
an active state (on state) and a low-level state becomes an
inactive state (ofl state).

For example, if the driving signal GC 1s turned on, a
potential rnght below the gain control gate unit 201 decreases
and potentials of the charge/voltage converting unit 68 and
the charge accumulating unit 202 are coupled. That 1s, the
charge/voltage converting unit 68 and the charge accumu-
lating unit 202 are electrically connected.

Meanwhile, 1t the drniving signal GC i1s turned off, the
potential right below the gain control gate unit 201 increases
and the potentials of the charge/voltage converting unit 68
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and the charge accumulating umit 202 are divided. That 1s,
the charge/voltage converting unit 68 and the charge accu-
mulating unit 202 are electrically 1solated.

Therefore, the driving signal GC 1s turned on or turned
ofl, so that sensitivity of the pixel can be changed. Specifi-
cally, 11 a change amount in the accumulated charges 1s set
to AQ, a voltage change at that time 1s set to AV, and a
capacity value 1s set to C, arelation of AV=AQ/C 1s realized.

If a capacity value of the charge/voltage converting unit
68 1s set to C., and a capacity value of the charge accu-
mulating unit 202 1s set to C,,, a capacity value C 1n a
region of a pixel in which read of a signal level 1s performed
1s C.+C, ,», 1n a state 1 which the driving signal GC 1s
turned on. Meanwhile, if the driving signal GC 1s turned off,
the capacity value C changes to C.,. For this reason,
sensitivity of a voltage (a change amount of the voltage) for
a change amount of the charges increases.

As such, 1n the solid-state imaging element 11, the driving
signal GC 1s turned on or turned oil, so that the sensitivity
of the pixel 1s appropnately changed. For example, 1t the
driving signal GC 1s turned on, the charge accumulating unit
202 1s electrically connected to the charge/voltage convert-
ing unit 68. In this case, a part of the charges transferred
from the photodiode 61 to the charge/voltage converting unit
68 1s accumulated 1n the charge accumulating umt 202.
| With Respect to Operation of Solid-State Imaging Element]

However, 1n the pixel 1llustrated 1n FIG. 16, 1t 1s necessary
to reset (1nitialize) the charge accumulating unit 202 through
at least one or more gates when an 1mage 1s 1maged.
Specifically, 1t 1s necessary to change a state to an 1nitial state
by turning on the driving signal RST of the reset gate umit
69 and the drniving signal GC of the gain control gate unit
201 and electrically connecting the charge accumulating unit
202 and the charge/voltage converting unit 68.

However, as described above, when a high voltage cannot
be used in the driving signal RST or the driving signal GC,
opening of a gate of one side or both sides of the reset gate
unit 69 and the gain control gate unit 201 may be nsuitli-
cient. That 1s, because potentials right below these gates
cannot be sufliciently decreased and initialization cannot be
performed, the number of saturation signal charges may
decrease.

Therefore, 1n the solid-state 1maging element 11, for
example as 1illustrated in FIG. 17, when the solid-state
1mag1ng clement 11 1s driven and a signal in which conver-
s1on efliciency 1n a pixel decreases 1s read, a positive voltage
V. . 1s applied to the P-type well 52, such that initialization
(reset) of the charge accumulating, unit 202 1s assisted.

FIG. 17 illustrates a state of a signal supplied to a pixel at
cach time. That 1s, 1n the drawing, a horizontal direction
shows a time and a longitudinal direction shows a level
(voltage) of each signal. In addition, polygonal lines SL.31 to
S35 show driving signals SEL, TG, RST, a pulse P and
a dniving signal GC, respectively.

In an example of FIG. 17, when an 1maging operation of
an 1mage starts, the driving signals SEL, TG, RST, and GC
are turned ofl. In addition, the pulse P, _,; 1s also turned off
(enters an 1nactive state) and a predetermined voltage
becoming a reference 1s applied to the P-type well 52.

Then, at a time t31, the driving signal SEL 1s turned on,
the pixel 1s selected, the driving signal GC 1s turned on, and
the charge accumulating unit 202 and the charge/voltage
converting unit 68 are electrically connected. In addition, the
driving signal RST 1s turned on, the charge accumulating
unit 202 and the charge/voltage converting unit 68 are reset,
and the pulse P, _;, 1s turned on.
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Thereby, the charges are discharged or injected through
the reset gate unit 69 and the potentials of the regions of the
charge accumulating unit 202 and the charge/voltage con-
verting unit 68 are reset to the predetermined values. At this
time, because the positive voltage V. _,, 1s applied to the
P-type well 52, the potential of the region right below the
reset gate unit 69 or the gain control gate unit 201 1s
sulliciently decreased and initialization of the region of the
charge accumulating unit 202 or the charge/voltage convert-
ing unit 68 1s assisted.

At a time t32, 11 the driving signal RST 1s turned off and
reset of the charge accumulating unit 202 and the charge/
voltage converting unit 68 ends, read of a reset level 1s
performed. That 1s, the potential of the charge/voltage con-
verting unit 68 1s read as the reset level to the column
processing unit 23 through the amplification transistor 70,
the selection transistor 71, and the vertical signal line 27.

At a time t33, the driving signal TG 1s turned on. In this
case, the potential right below the first transfer gate unit 63
decreases and the charges accumulated in the photodiode 61
are transierred to the charge/voltage converting umt 68 and
the charge accumulating umt 202.

In addition, at a time t34, the driving signal TG 1s turned
ofl and transferring of the charges from the photodiode 61 to
the charge/voltage converting unit 68 1s stopped.

Then, read of the signal level 1s performed. That 1s, the
potential of the charge/voltage converting unit 68 1s read as
the signal level to the column processing unit 23 through the
amplification transistor 70, the selection transistor 71, and
the vertical signal lime 27. In addition, i the column
processing unit 23, a difference of the reset level and the
signal level read as described above becomes a value of a
pixel signal.

At a time t35, the driving signal SEL 1s turned ofl, the
selection of the pixel 1s released, the driving signal GC 1s
turned oil, and the charge/voltage converting unit 68 and the
charge accumulating unit 202 are electrically 1solated. In
addition, the pulse P__;; 1s turned ofl and the voltage applied
to the P-type well 52 changes from the voltage V__,; to the
predetermined voltage becoming the reference.

A period from the time t31 to the time t35 1s one
horizontal read period 1n which a pixel signal 1s read from
cach pixel configuring a pixel row.

In this way, the solid-state imaging element 11 applies the
positive voltage to the P-type well 52 and assists initializa-
tion of the charge accumulating unit 202, 1n a horizontal read
period in which a pixel signal 1s read. Thereby, gate voltages
necessary for driving the gain control gate unit 201 and the
reset gate unit 69, that 1s, voltages of the driving signals GC
and RST can be alleviated. In addition, even when a voltage
to drive the solid-state imaging element 11 1s low, a suflicient
saturation signal amount can be secured.

In an example of FIG. 17, control 1s performed such that
the pulse P__,, 1s turned on 1n only the horizontal read period,
and the positive voltage V__,, 1s applied to the P-type well
52. However, the pulse P _,, may be turned on at all times.
<Modification of Third Embodiment>
| With Respect to Operation of Solid-State Imaging Element]

In addition, for example, as illustrated in FIG. 18, a
negative voltage may be applied to the P-type well 52 when
the charges are transierred from the photodiode 61 to the
charge/voltage converting unit 68 and assistance of the
charge transfer may be performed.

FI1G. 18 1llustrates a state of each signal supplied to a pixel
at each time. That 1s, 1n the drawing, a horizontal direction
shows a time and a longitudinal direction shows a level
(voltage) of each signal. In addition, polygonal lines SL41 to
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SL45 show driving signals SEL, TG, RST, a pulse P
a dniving signal GC, respectively.

In an example of FIG. 18, an operation until just before a
time t43 after the imaging operation of the 1image starts 1s the
same as the operation until just before the time t33 1 FIG.
17. That 1s, at the time t41, the driving signals SEL, RST, and
GC are turned on and the pulse P__,, 1s turned on. In addition,
at the time t42, the driving signal RST 1s turned off and a
reset level 1s read.

At the time t43, the driving signal TG 1s turned on, a level
of the pulse P _,, becomes a level lower than a level at the
time of turning off, and a negative voltage lower than the
predetermined voltage becoming the reference 1s applied to
the P-type well 52. Application of the negative voltage to the
P-type well 52 by the pulse P _;, 1s performed by the vertical
driving unit 22 through the connection line 72.

If the driving signal TG 1s turned on, the potential right
below the first transfer gate unit 63 decreases and the
charges accumulated 1n the photodiode 61 are transierred to
the charge/voltage converting umit 68 and the charge accu-
mulating unit 202.

At this time, the negative voltage 1s applied to the P-type
well 52, the potential of the portion of the photodiode 61
becomes higher than the potential right below the first
transier gate unit 63, and charge transier 1s assisted. That 1s,
a large amount of charges are transierred from the photo-
diode 61 to the charge/voltage converting unit 68. In other
words, the charges remaining without being transferred in
the related art are also transferred to the charge/voltage
converting unit 68.

At a time t44, the driving signal TG 1s turned off,
transierring ol the charges from the photodiode 61 to the
charge/voltage converting unit 68 1s stopped, the pulse P__,,
1s turned on, and assistance of the charge transier is also
stopped. Then, the same operation as the operation after the
time t34 of FIG. 17 15 executed.

That 1s, after the time td4, read of the signal level 1s
performed. At a time t45, the d.rlvmg 51gnals SEL and GC are
turned ofl, the pulse P__,; 1s turned ofl, and the voltage
applied to the P-type well 52 changes from the voltage V
to the predetermined voltage becoming the reference.

In this way, the solid-state 1maging element 11 assists the
initialization by applying the positive voltage to the P-type
well 52 when the charge accumulating unit 202 1s 1nitialized
and assists the transfer by applying the negative voltage to
the P-type well 52 when the charges are transferred to the
charge/voltage converting unit 68. Thereby, the voltage of
the pixel can be decreased and the saturation signal amount
can be increased.

Here, a change of a potential of each region of a pixel at
the time of performing driving 1llustrated in FIG. 18 will be
described with reference to FIGS. 19 to 21. In FIGS. 19 to
21, portions corresponding to those 1n the case of FIG. 10 or
16 are denoted with the same reference numerals and
explanation thereotf 1s approprnately omitted.

In FIG. 19, a polygonal line PO51 shows a potential in
cach region of a pixel and two dotted lines PT11 show the
same position, specifically, a position of an N™-type semi-
conductor region 109 becoming the charge/voltage convert-
ing unit 68.

For example, at a right side of the dotted line PT11 at a
right side 1n the drawing, regions of the charge/voltage
converting unit 68 and the reset gate unit 69 connected to the
charge/voltage converting unit 68 and potentials of the
regions are illustrated. In addition, at a right side of the
dotted line PT11 at a left side 1n the drawing, regions of the
charge/voltage converting unit 68 and the charge accumu-
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lating unit 202 connected to the charge/voltage converting
unit 68 and potentials of the regions are 1illustrated.

In FIG. 19, a capacitor becoming the charge accumulating
unit 202 1s connected to a right side of the gain control gate
unit 201 1n the P-type well 52 through an N™-type semicon-
ductor region 241 configuring the charge accumulating unit
202. In addition, the reset gate unit 69 1s connected to a reset
power supply VR through an N™-type semiconductor region

242,

A state of the potential illustrated i FIG. 19 shows a
potential of each region of a pixel 1n a state of a time before
the time t41 1 FIG. 18, that 1s, a state 1n which the dniving

signals SEL, TG, RST, and GC are turned ofl and the pulse

P __,, 1s also turned off.

In this state, the photodiode 61 and the N™-type semicon-
ductor region 109 becoming the charge/voltage converting
unit 68 are electrically 1solated. In addition, the N*-type
semiconductor region 109 and the N™-type semiconductor
region 241 and the N™-type semiconductor region 109 and
the N™-type semiconductor region 242 are also electrically
1solated.

In addition, at the time t41, 1f the driving signals SEL,
RST, and GC are turned on and the pulse P _,; 1s turned on,
the potential of each region 1s as illustrated by a polygonal
line PO61 of FIG. 20.

That 1s, a potential right below the gain control gate unit
201 decreases from a potential state illustrated by a dotted
line and becomes a potential illustrated by a polygonal line
PO®61. That 1s, a level of the potential nght below the gain
control gate unit 201 becomes the same level as levels of
potentials of the N™-type semiconductor region 109 and the
N™-type semiconductor region 241 by applying the positive
voltage to the P-type well 52.

As 1llustrated at a right side 1n the drawing, levels of the
potentials of the N™-type semiconductor region 109, the
region right below the reset gate unit 69, and the N™-type
semiconductor region 242 become the same.

As such, 1 the charge/voltage converting unit 68 and the
charge accumulating unit 202 are electrically connected, the
charge/voltage converting unit 68 and the charge accumu-
lating unit 202 are mitialized. At this time, the potential level
of each region of the charge/voltage converting unit 68, the
region right below the gain control gate unit 201, and the
charge accumulating unit 202 becomes the same. Therefore,
the charges of the charge accumulating unit 202 can be
prevented from remaining without being discharged or the
charges necessary for the charge accumulating unit 202 can
be prevented from being not injected.

In addition, at the time t43, if the driving signal TG 1s
turned on and the negative voltage 1s applied to the P-type
well 52, the potential of each region 1s as illustrated by a
polygonal line PO71 of FIG. 21.

That 1s, 11 the potentials of the photodiode 61 and the
region right below the first transfer gate unit 63 increase
from a potential state 1llustrated by a dotted line and become
a potential 1llustrated by a polygonal line PO71. In addition,
the potential nght below the gain control gate unit 201 also
increases ifrom the potential state illustrated by the dotted
line and becomes the potential illustrated by the polygonal
line PO71.

In this example, before the assistance to the transfer 1s
performed, the potential of the region right below the first
transier gate unit 63 becomes higher than the potential of the
photodiode 61. The potential of the photodiode 61 becomes
higher than the potential of the region right below the first
transier gate unit 63 by the assistance to the transfer. As a
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result, all charges accumulated in the photodiode 61 are
transierred to the charge/voltage converting unit 68.

In FI1G. 21, the potential right below the gain control gate
umt 201 1s increased by applying the negative voltage
(negative bias) to the P-type well 52. However, when a
signal level 1s read, the potential 1s decreased by applying

the positive bias to the P-type well 52.

That 1s, at the time t44, 11 the positive voltage 1s applied
to the P-type well 52, the potential right below the gain
control gate umit 201 becomes a level at the time of the
initialization, that 1s, a level of the potential right below the
gain control gate unit 201 1llustrated 1n FIG. 20.

As such, even when the sensitivity (gain) of the pixel 1s
changed, the positive voltage 1s applied to the well region of
the pixel when the element in the pixel 1s reset, so that the
voltage of the pixel can be decreased and the saturation
signal amount can be increased.

The two examples of the case 1n which the pixel has the
LOFIC structure and the case i which the gain of the
charge/voltage conversion 1s changed 1n the pixel have been
described. However, the present technology can be applied
to all pixels 1n which an element to be mitialized by an
external reset voltage exists 1n a pixel unit.
|Configuration Example of Imaging Apparatus]

In addition, the present technology can be applied to all
clectronic apparatuses in which a solid-state 1maging ele-
ment 1s used 1n an 1mage reading unit (photoelectric con-
verting unit), such as an 1maging apparatus such as a digital
still camera and a video camera, a portable terminal device
having an 1maging function, and a copy machine in which
the solid-state imaging element 1s used 1n the 1mage reading
unit. The solid-state 1maging element may be formed as
form of a single chip and may be formed as a form of a
module having an 1maging function in which an 1maging
unmit and a signal processing unit or an optical system are
collected and packaged.

FIG. 22 1s a diagram 1illustrating a configuration example
of an i1maging apparatus corresponding to an electronic
apparatus to which the present technology 1s applied.

An 1maging apparatus 301 of FIG. 22 includes an optical
umt 311 configured from a lens group, a solid-state 1maging
clement (imaging device) 312, and a digital signal processor
(DSP) circuit 313 to be a camera signal processing circuit.
In addition, the imaging apparatus 301 includes a frame
memory 314, a display unit 315, a recording umt 316, an
operation unit 317, and a power supply unit 318. The DSP
circuit 313, the frame memory 314, the display unit 315, the
recording unit 316, the operation unit 317, and the power
supply unit 318 are connected mutually by a bus line 319.

The optical unit 311 receives incidence light (1image light)
from a subject and forms an 1image on an 1imaging surface of
the solid-state imaging element 312. The solid-state imaging
clement 312 converts an amount ol the incidence light
forming the 1mage on the imaging surface by the optical unit
311 nto an electric signal 1n a unit of a pixel and outputs the
clectric signal as a pixel signal. The solid-state 1maging
clement 312 corresponds to the solid-state imaging element
11 described above.

The display unit 315 1s configured from a panel-type
display device such as a liquid crystal panel or an organic
clectro luminescence (EL) panel and displays a moving
image or a still image 1maged by the solid-state 1maging
clement 312. The recording unit 316 records the moving
image or the still image 1imaged by the solid-state 1maging
clement 312 on a recoding medium such as a video tape or

a digital versatile disk (DVD).
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The operation unit 317 outputs an operation command for
various functions of the imaging apparatus 301, under an
operation by a user. The power supply unit 318 appropnately
supplies various power supplies becoming operation power
supplies of the DSP circuit 313, the frame memory 314, the
display unit 315, the recording unit 316, and the operation
unit 317 to supply targets.

In addition, 1n the embodiments described above, the
example of the case 1 which the present technology is
applied to a CMOS 1mage sensor obtained by arranging
pixels detecting signal charges according to an amount of
visible light as a physical amount 1n a matrix has been
described. However, the present technology 1s not limited to
the application to the CMOS image sensor and can be
applied to all solid-state 1maging elements.

In addition, the present technology 1s not limited to the
application to the solid-state imaging element that detects a
distribution of an incidence amount of the visible light and
images the distribution as an 1image and can be applied to a
solid-state 1maging element that images a distribution of an
incidence amount of infrared rays, X-rays, or particles as an
image.

In addition, embodiments of the present technology are
not limited to the embodiments described above and various
changes can be made without departing from the scope of
the present technology.

The present technology can take the following configu-
rations.

[1] An 1maging element including:

a pixel unit that includes multiple pixels arranged 1n a
matrix; and

a driving unit that drives the pixel unit,

wherein the pixel has a converting unit that converts a
physical amount into charges in a conversion period, a
charge holding unit that accumulates the charges converted
by the converting unit 1in the conversion period and holds the
charges transierred from the converting unit after the con-
version period ends, and a reading unit that reads the charges
held 1n the charge holding unit 1n a read period, and

when the multiple pixels of the pixel unit are divided
equally 1nto two groups of first and second groups and one
of the first group and the second group of the pixel unit 1s set
to the read period, the driving unmit sets the other to the
conversion period.

[2] The imaging eclement according to [1], wherein the
driving unit sets the pixels belonging to each of the first
group and the second group to the conversion period at the
same time for every group.

[3] The imaging element according to [1] or [2], further
including:

a generating unit that generates an 1mage signal on the
basis of the read charges.

[4] The 1maging element according to [3], wherein the
generating unit generates an image signal of an odd-
numbered frame on the basis of the charges read from the
first group and generates an 1mage signal of an even-
numbered frame on the basis of the charges read from the
second group.

[5] The imaging element according to any one of [1] to [4],
wherein the converting unit converts incidence light cor-
responding to the physical amount into charges.

[6] A drniving method of an 1imaging element including a
pixel unit that includes multiple pixels arranged 1 a
matrix and a driving unit that drives the pixel unit, the
pixel having a converting unit that converts a physical
amount ito charges 1 a conversion period, a charge
holding unit that accumulates the charges converted by
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the converting unit in the conversion period and holds the

charges transferred from the converting unit after the

conversion period ends, and a reading unit that reads the
charges held in the charge holding unit 1n a read period,
the driving method including:

a step of, when the multiple pixels of the pixel unit are
divided equally into two groups of first and second groups
and one of the first group and the second group of the pixel
unmit 1s set to the read period, setting the other to the
conversion period by the driving unait.
['7] An electronic apparatus having an imaging function,

wherein an 1maging element including a pixel unit includ-
ing multiple pixels arranged 1n a matrix and a driving unit to
drive the pixel umit 1s mounted on the electronic apparatus,

the pixel has a converting unit that converts a physical
amount into charges in a conversion period, a charge holding
unit that accumulates the charges converted by the convert-
ing unit 1n the conversion period and holds the charges
transferred from the converting unit after the conversion
period ends, and a reading unit that reads the charges held 1in
the charge holding unit 1n a read period, and

when the multiple pixels of the pixel unit are divided
equally 1nto two groups of first and second groups and one
of the first group and the second group of the pixel unit 1s set
to the read period, the driving unit sets the other to the
conversion period.

[8] An 1maging element including:

a photoelectric converting unit that performs photoelec-
tric conversion on incident light;

a charge accumulating unit that accumulates charges
obtained by the photoelectric conversion;

an 1mitializing unit that 1s connected to the charge accu-
mulating unit through at least one or more gates and 1nitial-
izes the charge accumulating unit; and

a voltage application control unit that applies a positive
voltage to a well region where the photoelectric converting
unit, the charge accumulating unit, and the mitializing unit

are provided, when the charge accumulating unit 1s 1mitial-

1zed.

[9] The 1maging element according to [8], wherein the
voltage application control unit applies the positive volt-
age to the well region at the time of 1nitializing the charge
accumulating unit to read a reset level and at the time of
reading a signal level.

[10] The imaging element according to [8] or [9], wherein
the charge accumulating unit i1s a capacitor.

[11] The imaging element according to [10], wherein the
capacitor has any of a MIM structure, a PIM structure, and
a PIP structure.

[12] The imaging element according to [8] to [11], wherein
the photoelectric converting unit, the charge accumulating
unit, and the mitializing unit are provided for each of a
plurality of pixels configuring a pixel array unit to 1mage
an 1mage and the voltage application control umt applies
the positive voltage to all pixels on the pixel array unit at
the same time.

[13] The imaging element according to [12], wherein the
well regions of all pixels on the pixel array unit are
formed to be electrically integrated.

[14] The imaging element according to [8] to [11], wherein
the photoelectric converting unit, the charge accumulating
unit, and the mitializing unit are provided for every
plurality of pixels configuring a pixel array unit to image
an 1mage and the voltage application control unit applies
the positive voltage for every pixel row including pixels
arranged 1n a horizontal direction on the pixel array unit.
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[15] The imaging element according to [14], wherein the
well regions of the pixels of the pixel row on the pixel
array unit are formed to be electrically integrated and the
well region of each pixel row 1s electrically 1solated.

[16] The imaging element according to [8] to [11], wherein
the photoelectric converting unit, the charge accumulating
unit, and the imtializing unit are provided for each of a
plurality of pixels configuring a pixel array unit to 1mage
an 1mage and the voltage application control unit applies
the positive voltage for every pixel block including some
pixels on the pixel array unit.

[17] The imaging element according to [16], wherein the
well regions of the pixels of the pixel block on the pixel
array unit are formed to be electrically integrated and the
well region of each pixel block 1s electrically 1solated.

[18] The imaging element according to [8] to [11], wherein
the photoelectric converting unit, the charge accumulating
unit, and the imitializing unit are provided for each of a
plurality of pixels configuring a pixel array unit to 1mage
an 1mage and the well region of each pixel on the pixel
array unit 1s electrically 1solated.

[19] The imaging element according to [8] to [18], further
including:

a charge/voltage converting unit that 1s provided between
the mitializing unit and the charge accumulating unit and
converts charges 1nto a voltage signal,

wherein the charges accumulated 1n the charge accumu-
lating unit are transferred to the charge/voltage converting
unit through one or more gates.

REFERENCE SIGNS LIST

11 Solid-state 1maging element
21 Pixel array unait

61 Photodiode

63 First transfer gate unait

64 First charge accumulating unit
65 Second transfer gate umit

66 Second charge accumulating unit
67 Third transfer gate unit

68 Charge/voltage converting unit
69 Reset gate unit

72 Connection line

201 Gain control gate unit

202 Charge accumulating unit

The invention claimed 1s:

1. An 1imaging element, comprising:

a pixel unit that includes multiple pixels arranged 1n a
matrix; and

a driving unit configured to drive the pixel unait,

wherein each of the multiple pixels has a converting unit
configured to convert a physical amount into charges 1n
a conversion period, a charge holding unit configured to
accumulate the charges converted by the converting
umt i the conversion period and hold the charges
transterred from the converting unit after the conver-
sion period ends, and a reading unit configured to read
the charges held in the charge holding umt 1n a read
period,

in an event the multiple pixels of the pixel unit are divided
equally mto two groups of first and second groups and
one of the first group or the second group of the pixel
umt 1s set to the read period, the driving unit 1s
configured to set other of the first group or the second
group to the conversion period,
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wherein pixels that belong to the first group and the
second group are set to be arranged alternatively 1n a
horizontal direction and a vertical direction, and

a first conversion period of the first group and a second

conversion period of the second group are non-over-
lapping.

2. The imaging element according to claim 1, wherein the
driving unit 1s further configured to set the pixels that belong
to each of the first group and the second group to the
conversion period at a same time for every group.

3. The imaging element according to claim 2, further
comprising:

a generating umt configured to generate an 1mage signal

based on the read charges.

4. The imaging element according to claim 3, wherein the
generating unit 1s further configured to generate a first image
signal of an odd-numbered frame based on the charges read
from the first group and generate a second 1mage signal of
an even-numbered frame based on the charges read from the
second group.

5. The imaging element according to claim 2, wherein the
converting unit 1s further configured to convert incidence
light that corresponds to the physical amount into the
charges.

6. A driving method, comprising:

in an 1maging element including a pixel unit that includes

multiple pixels arranged 1n a matrix and a driving unit
configured to drive the pixel unit, each of the multiple
pixels having a converting unit configured to convert a
physical amount 1nto charges 1n a conversion period, a
charge holding umt configured to accumulate the
charges converted by the converting unit 1n the con-
version period and hold the charges transierred from
the converting unit after the conversion period ends,
and a reading unit configured to read the charges held
in the charge holding unit in a read period:

setting, 1n an event the multiple pixels of the pixel unit are

divided equally into two groups of first and second
groups and one of the first group or the second group
of the pixel unit 1s set to the read period, other of the
first group or the second group to the conversion period
by the driving unit,

wherein pixels that belong to the first group and the

second group are set to be arranged alternatively 1n a
horizontal direction and a vertical direction, and

a lirst conversion period of the first group and a second

conversion period of the second group are non-over-
lapping.

7. An electronic apparatus that has an 1imaging function,
comprising;

an 1maging element that includes a pixel unit that includes

multiple pixels arranged 1n a matrix; and

a driving umt configured to drive the pixel unit,

wherein each of the multiple pixels has a converting unit

configured to convert a physical amount into charges 1n
a conversion period, a charge holding unit configured to
accumulate the charges converted by the converting
unit in the conversion period and hold the charges
transierred from the converting unit after the conver-
sion period ends, and a reading unit configured to read
the charges held in the charge holding umt 1n a read
period,

in an event the multiple pixels of the pixel unit are divided

equally into two groups of first and second groups and
one of the first group or the second group of the pixel
unit 1s set to the read period, the driving unit 1s
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configured to set other of the first group or the second
group to the conversion period,

wherein pixels that belong to the first group and the
second group are set to be arranged alternatively 1n a
horizontal direction and a vertical direction, and

a first conversion period of the first group and a second
conversion period of the second group are non-over-

lapping.
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